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Abstract
Leakage neutrón specfrum measurement has been m ade in puré 

ligh t w ater using standard  tim e-o f-fligh t techniques. The meas­
urement was com pared to calculatians perfo rm ed  with the 
ENDF/GASKET scattering m odel in conjuncfion with a m od ified  

versión o f  the DTF-IV code in S¡, and  P¡ approxim ations. The 
P„ approxim ation  p ro ve d  to be satisfactory, fo r  the spectra 

sfudied, being the largest discrepancy between theory and  

measurement o fB  %.

Zusammenfassung
M sssung und Berachnung des AusfluB -N autronenspektrum s in le ich tem  W asser

Es w u rde eine M essung des N euíronenspektrum s In einer G ren zflách e zw i- 

schen leichtem W asser und Vakuum  m ií de r S tandard-FlugzeiHechnik durch- 

geführt. Die M essung w urde m if Berechnungen vergüchen, d ie  m it dem 

Streum odell EN DF/G ASKET zusammen m it einer m odifiz ie rten  Versión des DTP 

IV In de r S „ Pj und P ,-N üherung durchge führt wurden. D obei ze igte sich, dol? 

d ie  Py-Noherung fü r die untersuchten Spektren zufriedensteüend w ar. Die 

gróBte Abw eichung zwischen Theorie  und Messung w aren 8 %.
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\Introduction

In nonm ultip lying media, the neutrón spectra distorsions due to 
strong flux gradients are very la rge and hard to calcúlate. The 
investigation in such o médium is designad to test the transport 

properties o f the assumed scattering kernel. This facto r is, o f 
course, im portont in the description o f the neutrón behavior at 
absorption discontinuities in reactors.
In o previous paper [1], results fo r the neutrón therm alizotion in 
puré and boroted H 2 O  in a quasi-infin ite-m edium  were re- 
ported. The experim ental w ork  was perform ed in such a way 
that there was no spotiol varia tion  o f the neutrón flux at the 
point o f measurement fo r a ll energies. The com parison with 
theoreticai transport predictions were given, with satisfacto i^ 
ogreement. The obvious conclusión to be draw n from  the 
previous " in fin ite  m édium " w ork  was that the ENDF/GASKET 
[2], scattering kernel in conjunction with a m odified versión o f 
the DTF-IV code [3], were good enough to describe the ob- 

served neutrón spectra.
In this paper, we present measurement and calculotion o f the 
leakage-neutron spectrum from  puré H jO . It is an extensión of 
Ihe previous spectral w ork to include studies where flux g ra ­
dients become im portant, which is the cose o f the angu la r flux 
spectrum in a plañe boundary between m oderator and vocuum 
and it is aimed to verify and extend the experim ental method. 

This reseorch is part o f o program  o f the Argentine "C om isión 
N aciono l de Energía A tóm ica" (CNEA) to evalúate the various 
modeis, codes, and data sets used to Calcúlate the spectra in 
w ater m oderated lattices and to analyze the sensitivity o f cell 
param eters to the scattering law.

O 2 . i r .

Description of the experiment

The experiment consisted basically o f measuring the leakoge 
neutrón spectra in puré water at 23° C, using the tirr,c-ot-flight 

technique. The Linac facility  o f the Centro A tóm ico Boriloche 
was used fo r this experiment. This fac ility  is described in [4],

The experim enta l geom etry, lllustrated in Fig. 1, com prised 
a cubica l tank, 30 cm on a side, lined w ith  cadm ium  sheet ond 
shielded with a boron mixture. The neutrón beam was extracted 
from  the aluminium tank w all (0.05 cm thick) vio a 25 mm día. 

hole through the neutrón shielding. The neutrón bockground 

was obtained by placing o '"B plug in the shielding hole. A 17 
m fligh t poth was used. The neutrons were detected by meons of 
a ‘ Li gloss scintilla tor and the neutrón beam was monitored with 

tw o small -^-'U fission detectors placed in different positions 
inside the vessel. Running time fo r the experiment was chosen to 

ensure good statistical accurocy. The mean temperature o f H .O  
fo r a ll the measurements was 23° C, it was monitored with an 
iron-cpnstantan therm ocouple.
The mean emission time at low  energies was evaluated from  

die -aw ay experiments, fo r the interm edíate neutrón energies 
wos colculoted with the CAGE [5¡ program  and fo r the upper 
range o f energies was obtained from  the slowing down time. 

A  more detailed description is given in Ref. [1].
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Fig. 1: Experim ental set-up used to m eosured neulron leakage spectrum ¡n H .O

Careful static measurements o f the therm al and epitherm ol flux 
distributions were done using indium foils in conjunction with the 
cadmium difference method.
Extensive fo il octivation measurements were done in the source 
(axial) d irection, since the exponentiol spatial decay of the 
source is the moin contribu for to the correcfion that tronsforms 

the three-dim ensionol médium into fictitious one-dim ensional 
médium, nomely the buckiing.
The in terca lib ro tion  o f the octivation detectors was corried out 
by irrad ia ting  them in o neutrón flux while being mounted on
o rotating cylinder. From the distribution cióse to the tank wall 
from  which the neutrón spectrum wos extracted, the inverse 
relaxation constant y was derived to get the local buckiing. 
From the transverse d istribution, the spatial form  o f the source 

wos obtained.
The reduction and treatment o f dota opp lied  to the experim ental 
results were the same described in Ref. n i .

Caicuiation method

The scattering kernel based on the ENDF/GASKET model [2], 
fo r  bound hydrogen in H jO  and ossuming free tronslatlon for 
the oxygen was generoted by meons o f the GASKET code [6¡. 

The cross sections group Pg and P,, fo r  30 energy groups were 
colculoted using these scattering kernel with the codes NYR190 
[7] and NYR081 [8]. Using as dota the meosured transverse
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Fig. 2; Neutrón leokoge spectrum m eosured in H -O  com pared to co lcu lo tion  
using P, app rox im ation
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Fig. 3: Neutrón sp e d ro  m eosured in H .O  com pored to colcuiotions using P, 

app rox im ation

spatlal distribution o f epitherm al neutrons, a one-dim ensional 

d istributed source was calculated with the NYR232 [9] code.
The transport theory calculation to obfain the angula r neutrón 

spectra was done wlth the NYR230 [3] code (o m odified versión 

o f the one-dim ensional DTF-IV code), in 15 spatial ¡ntervals, 
using the 30 groups cross sections, Sg approxim ation  and the 
computed distributed source. The fligh t path axis was the direc- 
tion accounted fo r the one-dim ensional calculations. Both P„ 
and P, scottering kernel approxim ations were considerad.
A comporison o f the transport theory calculation in P, ap p ro x i­

mation with the meosured spectrum is shown in Fig. 2. The 

results were norm olized to equol orea between 0.0065 eV and 

1.66 eV.

Discussion of results

As shown in Fig. 2, the ogreem ent between theory a n d  experi- 
ment is satisfactory. The transport ca lculation agrees with the 

meosured spectrum within + 5 % to -  8 %.
In order to com pare the present deviotions with those obtained 
fo r the spectra in quasi-in fin ite  médium [1], a new intercom pari- 
son between theory and experim ent was carried out fo r the 
later, norm alizing them to equal area. The results ore shown in 
Fig. 3 fogether with the present experim ental and calculated 
results (¡n P„ approxim ation). A systematic deviotion between 
theory and experiment is observed ¡n the energy range oround 

0.2 eV, which cannot be a ttribu ted  to  stotistico l uncerta inties 
ñor to  resolution errors.
The sm oller discrepancies o f the present w ork could be a ttri­
buted to the lack o f a reentrant hole tube in the geometry, to the 
improvement done in the coHimator shielding and to the carefu l- 
ly static meosurements done in the present w ork.
Neglecting the P, scottering makes littie d ifference (less than
1 %), in the surfoce spectrum, then it could be concluded that the 
P„ approxim ation  is suitoble to describe the neutrón leokoge 

spectrum in smoll H2 O  assemblies.

Conclusions

The good ogreem ent between theory and experiment, supports 
the view that the Pq scottering by H ,0  is adequotely described 
by the ENDF/GASKET model and that o transport theory calcu­

lation in Pq approxim ation  is very suitoble fo r smoll H 2O  
assemblies in which discontinuities ore present.

The results, then, are im portant becouse they indicóte a degree 
o f occuracy in the present scottering description o f H ;0  that is 

odequoted fo r mony types o f reoctor-design calculations. Its 
odequocy fo r ca lculation o f neutrón spectra in lorge flux g ro - 

dients, such os at contro l-rod surfaces o r at fue l-ce ll edges, 
 ̂ remains to be determ ined.
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